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(54) Fuel cell stack 

(57) A fuel cell stack comprises first and second 
separators (14. 16) for holding a fuel cell unit (12) ther- 
ebetween. The first separator (14) has a fuel gas flow 
passage (40) and the second separator (16) has an 
oxygen-containing gas flow passage (50). The gas flow 
passages (40), (50) are formed by grooves with the 
number of grooves decreasing from the inlet to the out- 
let. In one embodiment, the gas flow passage (40) com- 
prises twelve individual first gas flow passage grooves 
(42a to 42/) which communicate with an inlet hole (36a) 



on a gas inlet side, six indivkiual second gas flow pas- 
sage grooves (44a to 44f) which communicate with the 
first gas flow passage grooves (42a to 42/), and three 
individual third gas flow passage grooves (46a to 46c) 
which communicate with the second gas flow passage 
grooves (44a to 44f). The third gas flow passage 
grooves (46a to 46c) communicate with an outlet hole 
(38a) on a gas outlet skie. 
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Description 

[0001] The present invention relates to a fuel cell stack comprising a fuel cell unit including an electrolyte, preferably 
a solid polymer electrolyte interposed between an anode electrode and a cathode electrode, and first and second sep- 

5 arators for holding the fuel cell unit therebetween. 

[0002] For example, a fuel cell of the solid polymer electrolyte type is known in the art which includes an anode elec- 
trode and a cathode electrode disposed opposingly on both sides of an electrolyte membrane composed of a polymer 
electrolyte (cation exchange membrane) to construct a fuel ceil structure (hereinafter referred to as "fuel cell unit") 
which is held between separators. In general, a predetermined number of the fuel cell units are stacked to provide a fuel 

10 cell stack which is practically used. 

[0003] Such a fuel cell is operated as follows. That is. a fuel gas. for example, hydrogen, which is supplied to the 
anode electrode, is converted into hydrogen ion on electrode catalysts. The hydrogen ion Is moved toward the cathode 
electrode via the polymer electrolyte which is appropriately humidified- Electrons are generated during this process, 
which are extracted by an external circuit to be utilized as direct current electric energy. An oxygen-containing gas. for 

15 example, oxygen gas or air is supplied to the cathode electrode. Therefore, the hydrogen ion. the electrons, and the 
oxygen are reacted with each other on the cathode electrode to produce water. 

[0004] In order to supply the fuel gas and the oxygen-containing gas to the anode electrode and the cathode electrode 
respectively, conductive porous layers such as porous carbon paper sheets are disposed on electrode catalyst layers 
(electrode surfaces), and they are interposed between the separators. One or a plurality of gas flow passages, each of 
20 which is designed to have a uniform widthwise dimension, are disposed on mutually opposing surfaces of the respective 
separators. 

[0005] However, in the case of the fuel cell constructed as described above, the number of reactive molecules per unit 
area existing in the vicinity of an outiet of the gas flow passage decreases as compared witin the number of reactive mol- 
ecules per unit area existing at an inlet of the gas flow passage, because the fuel gas and the oxygen-containing gas 

25 supplied to the gas flow passage are consumed in the electrode surface. Accordingly, a problem occurs that the reac- 
tion in the electrode surface becomes non-uniform, and the cell performance becomes unstable. 
[0006] An amount of condensed water aind an amount of water produced by the reaction sometimes exist in the gas 
flow passage in a state of liquid (water). It is feared that if the water is accumulated in the porous electrode layer, then 
the performance to diffuse tiie fuel gas and the oxygen-containing gas to the catalyst electrode layer is lowered, and 

30 the cell performance is markedly deteriorated. 

[0007] In this context, for example, a fuel cell is known, as disclosed in Japanese Laid-Open Patent Publication No. 
6-267564. The fuel cell includes a fuel -delivering plate having a fuel flow passage for supplying fuel to an anode elec- 
trode, and an oxygen-containing gas-delivering plate having an oxygen-containing gas flow passage for supplying an 
oxygen-containing gas to a cathode electrode, in which at least any one of the depth or the width of the oxygen-contain- 

35 ing gas flow passage of the oxygen-containing gas-delivering plate gradually decreases from an upstream flow pas- 
sage region to a downstream flow passage region. 

[0008] However, in order to sufficientiy supply the fuel gas and the oxygen-containing gas to the electrode surfaces 
respectively, the gas flow passage is provided in a serpentine manner or in an encircling manner in a surface of the sep- 
arator. Therefore, the gas flow passage is considerably lengthy in the separator surface. In the case of the conventional 
40 fuel ceil as described alx)ve. the depth of the oxygen-containing gas flow passage is large in the upstream flow passage 
region, and hence tiie separator itself is considerably thick-walled. Accordingly, a problem Is pointed out that it is not 
easy for the entire fuel cell to achieve a compact size. Further, a problem arises in that the machining operation for man- 
ufacturing the gas flow passage to have the depth which gradually decreases from the upstream to the downstream is 
extremely complicated. 

45 [0009] A principal object of the present invention is to provide a fuel cell stack which makes it possible to ensure good 
gas diffusion performance and good drainage performance, and effectively miniaturize the size of the fuel cell stack. 
[001 0] Thus, from a first aspect, the present invention provides a fuel cell stack as claimed in claim 1 . 
[001 1 ] A preferred embodiment of the invention will now be described, by way of example only, and with reference to 
the accompanying drawings in which: 

50 

FIG. 1 shows an exploded perspective view of principal parts of a fuel cell stack according to a first embodiment of 
the present invention: 

FIG. 2 shows a schematic longitudinal sectional view of the fuel cell stack; 
FIG. 3 shows a front view of a first separator included in the fuel cell stack; 
55 FIG. 4 shows characteristic curves concerning the voltage and the cun-ent density, obtained for the fuel cell stack 
of the present invention and conventional fuel cell stacks; 

FIG. 5 shows a front view of a first separator included in a fuel cell stack according to a second embodiment of tiie 
present invention; and 
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FIG. 6 shows a front view of a first separator included in a fuel cell stack according to a third embodiment of the 
present invention. 

[001 2] FIG. 1 shows an exploded perspective view of principal parts of a fuel cell stack 1 0 according to a first embod* 
5 iment of the present invention, and FIG. 2 shows a schematic longitudinal sectional view of the fuel cell stack 10. 

[0013] The fuel cell stack 10 comprises a fuel cell unit 12, and first and second separators 14. 16 for holding the fuel 
cell unit 12 therebetween. A plurality of sets of the foregoing components are optionally stacked. The fuel cell unit 12 
includes a solid polymer electrolyte 18. and an anode electrode 20 and a cathode electrode 22 arranged with the elec- 
trolyte 18 interposed therebetween. First and second gas diffusion layers 24. 26. each of which is composed of. for 
10 example, a porous carbon paper sheet as a porous layer, are disposed on the anode electrode 20 and the cathode elec- 
trode 22 respectively. 

[0014] First and second gaskets 28. 30 are disposed on both sides of the fuel cell unit 12. The first gasket 28 has a 
large opening 32 for accommodating the anode electrode 20 and the first gas diffusion layer 24. while the second gas- 
ket 30 has a large opening 34 for accommodating the cathode electrode 22 and the second gas diffusion layer 26. The 

15 fuel cell unit 1 2 and the first and second gaskets 28, 30 are interposed between the first and second sejparators 14. 16. 
[001 5] As shown in FIGs. 1 and 3. the first separator 1 4 is provided at its upper portion with an inlet hole 36a for allow- 
ing a fuel gas such as hydrogen to pass therethrough, an inlet hole 36b for allowing cooling water to pass therethrough, 
and an inlet hole 36c for allowing an oxygen-containing gas such as oxygen or air to pass therethrough. The first sep- 
arator 14 is provided at its lower portion with an outlet hole 38a for allowing the fuel gas to pass therethrough, an outlet 

20 hole 38b for allowing the cooling water to pass therethrough, and an outlet hole 38c for allowing the oxygen-containing 
gas to pass therethrough. 

[001 6] A fuel gas flow passage (first gas flow passage) 40 for making communication between the holes 36a. 38a is 
formed in a surface 1 4a which opposes the anode electrode 20 of the first separator 14. The number of grooves used 
for the fuel gas flow passage 40 on the side of the Inlet hole 36a for introducing the gas is set to be larger than the 
25 number of grooves on the side of the outlet hole 38a for discharging the gas. The grooves on the side of the inlet hole 
36a are gradually merged with each other as the grooves come to the side of the outlet hole 38a. The decreasing rate 
of the number of grooves of the fuel gas flow passage 40 is set to correspond to the gas utilization factor of the fuel gas 
(the gas utilization factor being herein referred to as a utilization factor of hydrogen gas with respect to the entire gas 
such as a reformed gas). 

30 [0017] Specifically, in the case of a pure fuel gas containing 100 % hydrogen gas. the decreasing rate of the number 
of grooves of the fuel gas flow passage 40 is represented by (number of grooves on 
outiet side) / (number of grooves on inlet side) = (gas utilization factor (%)) / 100 . On the other hand, in the case of a 
reformed gas containing, for example. CO2 gas and N2 gas in addition to hydrogen gas, tine decreasing rate is repre- 
sented by (number of grooves on outiet side) / (number of grooves on inlet side) =s [{(fuel gas in reformed gas (%)) x 

35 (100 - utilization factor (%))} / 100 (100 . - (fuel gas in reformed gas (%))}] / 100 = (mass 
flow on outiet side) / (mass flow on inlet side) . 

[0018] Illustrative compositions of the reformed gas are shown, for example, in Table 1 . 



Illustrative composition of reformed gas 






H2 


CO2 


Na 


(1) 


Stationary state (1) 


60% 


23% 


17% 


(2) 


Acceleration 


43.40 % 


21 % 


35.60% 


(3) 


Stationary state (2) 


75% 


25% 





50 [0019] In tSr\e illustrative compositions (1) to (3), there are relationships as shown in Tables 2, 3, and 4 between the 
hydrogen gas utilization factor and the gas utilization factor which is a hydrogen gas utilization factor estimated for the 
entire gas. 

55 
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Table 2 



Relationship between utilization factor of H2 and uti- 
lization factor of entire gas (in the case of (1)) 


H2 utilization factor (%) 


Gas utilization factor 

(H2/entire gas) (%) 


70 


42 


75 


45 


80 


48 


85 


51 


90 


54 



Tables 



Relationship between utilization factor of H2 and uti- 
lization factor of entire gas (in the case of (2)) 


H2 utilization factor (%) 


Gas utilization factor 
(H2/entire gas) (%) 


70 


30 


75 


32 


80 


35 


85 


37 


90 


39 



Table 4 



Relationship between utilization factor of H2 and uti- 
lization factor of entire gas (in the case of (3)) 


H2 utilization factor (%) 


Gas utilization factor 
(H2/entire gas) (%) 


70 


52 


75 


56 


80 


60 


85 


64 


90 


67 



[0020] The relationship between the arrangement of the decrease in the number of grooves and the decreasing rate 
55 is shown in Table 5. ^ 



4 



EP 0 940 868 A2 



Table 5 



Decreasing rate of number of grooves 




Number of grooves on 
inlet side 


Decrease in number of 
grooves 


Decreasing rate corre- 
sponding to gas utiiiza- 

uun iduiur 


v^y 


16 


1 0— rO 


OU TO 




16 


'{6<<— 8— >4 


f »J /o 


(C) 


14 


14^7 


50% 


(D) 


14 


14->7-^4 


71 % 


(E) 


12 


12->6 


50% 


(F) 


12 




75% 


(G) 


12 


12-*6->3->2->1 


92% 


(H) 


10 


10->5 


50% 


(1) 


10 


10-»-5->3 


70% 



[0021] in the case of the "Stationary state (1)" concerning the illustrative composition (1) shown in Table 1» the gas 
utilization factor is about 50 % as shown in Table 2. Those used for the decreasing rate of the number of grooves include 

25 the arrangements of (A). (C). (E). and (H) shown in Table 5. In the case of the "Acceleration" concerning the illustrative 
composition (2) shown in Table 1 , the gas utilization factor is about 30 to 40 % as shown in Table 3, However, the shape 
of grooves of the fuel gas flow passage 40 is set based on the gas utilization factor of not less than 50 %. Therefore, 
those used for the decreasing rate of the number of grooves indude the arrangements of (A). (C), (E), and (H) shown 
In Table 5. in the same manner as the illustrative composition (1). 

30 [0022] In the case of the "Stationary state (2)" concerning the illustrative composition (3) shown in Table 1 . the gas 
utilization factor is about 50 to 70 % as shown in Table 4. Therefore^ when the gas utilization factor is set to be 50 %, 
the arrangements of (A), (C). (E). and (H) shown in Table 5 are used. When the gas utilization ^ctor is set to be not less 
than 70 %. the arrangements of (B), (D), (F). (G). and (1) shown in Table 5 are used. 

[0023] In the first embodiment, the arrangement of (F) shown in Table 5 is used. As shown in FIG. 3, twelve individual 
35 first gas flow passage grooves 42a to 42 t are formed on the surface 14a of the first separator 14, corresponding to 
those disposed on the side of the inlet hole 36a for introducing the gas. The first gas flow passage grooves 42a to 42 / 
are formed in the surfece of the surface 14a of the first separator 14 in a serpentine configuration vertically extending 
downwardly (in a direction indicated by an arrow A) while being separated from each other by a predetermined spacing 
distance, 

<o [0024] The number of the first gas flow passage grooves 42a to 42 / is decreased to a half at an approximately inter- 
mediate position of the height of the separator 14 to form six individual second gas flow passage grooves 44a to 44f. 
The second gas flow passage grooves 44a to 44f are serpentine in tiie direction indicated by the arrow A. and the 
number of them is decreased to a half at their terminals to form three individual third gas flow passage grooves 46a to 
46c. The third gas flow passage grooves 46a to 46c are serpentine in the direction indicated by the arrow A, and then 

45 they communicate with the outlet hole 38a for discharging the gas. The first gas flow passage grooves 42a to 42 / are 
continuously merged to the third gas flow passage grooves 46a to 46c. The first gas flow passage grooves 42a to 42 / 
communicate with the inlet hole 36a for introducing the gas. while the third gas flow passage grooves 46a to 46c com- 
municate with the outlet hole 38a for discharging the gas. 

[0025] As shown in FIG. 1 . the second separator 16 is provided at its upper portion with a fuel gas inlet hole 47a. a 
50 cooling water inlet hole 47b. and an oxygen-containing gas inlet hole 47c. The second separator 16 is provided at its 
lower portion with a fuel gas outlet hole 48a. a cooling water outiet hole 48b, and an oxygen-containing gas outiet hole 
48c. 

[0026] As shown in FIG. 2. an oxygen-containing gas flow passage (second gas flow passage) 50 for making com- 
munication between the holes 47a. 48c is formed on a surface 16a opposing the cathode electrode 22 of the second 
55 separator 1 6. The oxygen-containing gas flow passage 50 is set to satisfy (number of grooves on outiet side) / (number 
of grooves on inlet side) = [{(oxygen gas in air (%)) x (100 - gas utilization factor (%))} / 100 + 
{100 - (oxygen gas in air (%))}] / 1 00 ~ (amount of gas on outiet side) / (amount of gas on inlet side) . 
[0027] The oxygen-containing gas flow passage 50 is constructed in the same manner as the fuel gas flow passage 
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40. Therefore, the same constitutive components are designated by the same reference numerals, and a detailed expla- 
nation of which will be omitted. 

[0028] The operation of the fuel cell stack 10 according to the first embodiment constructed as described above will 

be described below. 

5 [0029] The reformed gas as the fuel gas is supplied to the fuel cell stack 1 0. and the air as the oxygen-containing gas 
is supplied thereto. The reformed gas is introduced via the inlet hole 36a of the first separator 14 into the fuel gas flow 
passage 40. As shown in FIG. 3. the reformed gas, which has been supplied to the fuel gas flow passage 40, is initially 
introduced into the first gas flow passage grooves 42a to 42 /. The gas is moved downwardly in accordance with gravity 
(in the direction indicated by the arrow A) while following serpentine configuration along the surface 14a of the first sep- 

10 arator 14. During this process, the hydrogen gas contained in the reformed gas passes through the first gas diffusion 
layer 24, and it is supplied to the anode electrode 20 of the fuel cell unit 12. 

[0030] The residual reformed gas is introduced into the second gas flow passage grooves 44a to 44f connected to 
the terminals of the first gas flow passage grooves 42a to 42 i. The gas is moved in the direction of gravity while follow- 
ing serpentine configuration along the surface 14a to effect diffusion of the hydrogen gas. The reformed gas is thereaf- 
75 ter introduced into the third gas flow passage grooves 46a to 46c connected to the terminals of the second gas flow 
passage grooves 44a to 441 The gas undergoes diffusion of the hydrogen gas while being moved in the direction of 
gravity. After that, the gas is discharged from the outlet hole 38a of the first separator 14, 

[0031] In the first embodiment, the number of grooves of the fuel gas flow passage 40 is decreased half by half in a 
stepwise manner from the inlet hole 36a for introdudng the gas to the outlet hole 38a for discharging the gas. That is. 

20 the fuel gas flow passage 40 is provided with twelve of the first gas flow passage grooves 42a to 42 /, six of the second 
gas flow passage grooves 44a to 44f. and three of the third gas flow passage grooves 46a to 46c. The decreasing rate 
of the number of grooves is set to be 75 % corresponding to the gas utilization factor of the reformed gas. 
[0032] Therefore, when the reformed gas is consumed by allowing the hydrogen gas to pass through the first gas dif- 
fusion layer 24 from the surface 1 4a of the first separator 1 4 so that the hydrogen gas is supplied to the anode electrode 

25 20. the number of reactive molecules per unit area is not consequently decreased, because the number of grooves of 
the fuel gas flow passage 40 is decreased. Accordingly, an effect is obtained in that the uniform and smooth reaction is 
effectively performed over the entire electrode sur^ce of the anode electrode 20. 

[0033] Further, the gas flow rate can be improved at the outlet hole 38a for discharging the gas. because the fuel gas 
flow passage 40 is designed to decrease the number of grooves from the inlet hole 36a to the outlet hole 3da. There- 
to fore, it is possible to increase the gas flow rate along the surface 14a of the first separator 14. Accordingly, an effect is 
obtained in that the gas diffusion performance is signrficarniy improved by causing disturbance of the gas flow, and it is 
possible to improve the drainage performance. Therefore, the present invention is advantageous in that it is possible to 
certainly achieve an improvement In cell performance of the fuel cell stack 10. 

[0034] The fuel gas flow passage 40 is not changed in the depth direction in the first separator 1 4. The first separator 
35 1 4 itself can be effectively thin-walled in its thickness. Accordingly, the entire fuel cell stack 10 can be easily miniaturized 
(thin-walled), and it is possible to simplify the machining operation. 

[0035] On the other hand, the air is supplied from the inlet hole 47c to the oxygen-containing gas flow passage 50 of 
the second separator 16. The air is supplied from the inlet hole 47c for introducing the gas to the outlet hole 48c for dis- 
charging the gas. in the same manner as the reformed gas is supplied to the fuel gas flow passage 40. During this proc- 
40 ess. the number of grooves of the oxygen-containing gas flow passage 50 is set to decrease half by half In a stepwise 
manner. The oxygen gas is supplied from the second gas diffusion layer 26 to the cathode electrode 22. while the 
number of reactive molecules per unit area is not decreased. Further, it is possible to increase the gas flow rate. Accord- 
ingly, a beneficial effect is obtained in that the cell performance is improved. 

[0036] FIG. 4 shows results of detection of characteristics of the current density and the voltage concerning the fuel 
45 cell stack 1 0 according to the first embodiment and two conventional fuel cells. The gas utilization factor of the reformed 
gas is 75 %, and the gas utilization factor of the oxygen-containing gas is 50 %. The reformed gas is humidified, while 
the oxygen-containing gas is not humidified. The applied pressure to the gas is set to be 100 Kpa for both the reformed 
gas and the oxygen-containing gas. Accordingly, the desired result is obtained in that the current density is high, and 
the cell performance is greatly improved in the fuel cell stack 10 according to the first embodiment as compared with 
50 the conventional fuel cells 1 and 2, 

[0037] In the first emtxxjiment, both the fuel gas flow passage 40 and the oxygen-containing gas flow passage 50 are 
subjected to the decrease in the number of grooves from the gas inlet side to the gas outlet side. However, it is allowable 
that only one of the fuel gas flow passage 40 and the oxygen-containing gas flow passage 50 may be constructed as 
described above. 

55 [0038] The first and second separators 14, 16 are constructed such that the gas inlets are disposed at the upper por- 
tion, and the gas outlets are disposed at the lower portion so that the fuel gas and the oxygen-containing gas are 
allowed to flow from the upper portion to the lower portion. Alternatively, it is also allowable to use first and second sep- 
arators constructed such that the gas inlets are disposed at the lower portion, and the gas outlets are disposed at the 
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upper portion so that the fuel gas and the oxygen-containing gas are allowed to flow from the lower portion to the upper 
portion. In this arrangement, the fuel gas flow passage and/or the oxygen-containing gas flow passage undergoes the 
decrease in the number of grooves from the gas inlet side to the gas outlet side, i.e., from the lower portion to the upper 
portion. Thus, it is possible to obtain the same effect as that obtained in the first embodiment. 

5 [0039] FIG. 5 shows a front view of a first separator 60 included in a fuel cell stack according to a second embodiment 
of the present invention, and FIG. 6 shows a front view of a first separator 80 included in a fuel cell stack according to 
a third embodiment of the present invention. The same constitutive components as those of the first separator 14 
included in the fuel cell stack 1 0 according to the first embodiment are designated by the same reference numerals, and 
a detailed explanation of which will be omitted. 

10 [0040] As shown in FIG. 5. the first separator 60 according to the second embodiment has its surface 60a provided 
with a fuel gas flow passage 62. The fuel gas flow passage 62 corresponds to the gas utilization factor of 50 % shown 
in (H) in Table 5. Specifically, ten individual gas flow passage grooves 61 a to 64j communicate with an inlet hole 36a for 
introducing the gas. The first gas flow passage grooves 64a to 64j extend in a serpentine configuration in the direction 
of gravity, and they communicate with five individual second gas flow passage grooves 66a to 66e at their terminals. 

IS The second gas flow passage grooves 66a to 66e extend along the surface 60a while extending in a serpentine config-. 
uration in the direction of gravity, and they communicate with an outlet hole 38a for discharging the gas. 
[0041 ] A fuel gas flow passage 82 is provided in a surface 80a of a first separator 80 according to the third embodi- 
ment shown in FIG. 6. The fuel gas flow passage 82 corresponds to the gas utilization factor of 92 % shown in (G) in 
Table 5. That is, the fuel gas flow passage 82 comprises twelve individual first gas flow passage grooves 84a to 84 / 

20 which communicate with an inlet hole 36a. six individual second gas flow passage grooves 86a to 86f which are con- 
nected to the terminals of the first gas flow passage grooves 84a to 84 A three individual third gas flow passage grooves 
88a to 88c which communicate with the terminals of the second gas flow passage grooves 86a to 86f. two individual 
fourth gas flow passage grooves 90a. 90b which communicate with the terminals of the third gas flow passage grooves 
88a to 88c. and a fifth gas flow passage groove 92 which communicates with the terminals of the fourth gas flow pas- 

25 sage grooves 90a, 90b. The fifth gas flow passage groove 92 communicates with an outlet hole 38a. 

[0042] The fuel gas flow passage 82 is designed such that the number of grooves is decreased generally half by half ^ 
in a stepwise manner from the inlet hole 36a to the outlet hole 38a. However, the number of grooves cannot be 
decreased to a half at the terminals of the third gas flow passage grooves 88a to 88c having the odd number of grooves. X 
Accordingly, the fourth gas flow passage grooves 90, 90b are provided to have the number of a half of a number of 

30 grooves (four) obtained by adding 1 to the number of grooves 3 of the third gas flow passage grooves 88a to 88c, I.e., 
to have the number of two. 

[0043] In the second and third embodiments constructed as described above, the desired gas utilization factor can 
be established respectively by decreasing the number of grooves for the respective fuel gas flow passages 62. 82 from 
the inlet hole 36a for introducing the gas to the outlet hole 38a for discharging the gas. Accordingly, the same effect as 
35 that obtained in the first embodiment is obtained, for example, in tiiat the number of reactive molecules per unit area 
can be maintained in the surfaces 60a. 80a of the first separators 60, 80 to cause the reaction to be uniform, and it is 
possible to improve the drainage performance and the gas diffusion performance. 

[0044] in the embodiments described above, the groove width and the ridge width of the first separators 14. 60. 80 
are set to be about 1 mm by means of, for example, a cutting processing. However, they may be set to have a dimension 

40 of not more than 1 mm. The number of grooves Is easily changed and set depending on various factors such as the 
area of the separator. It is possible to use various combinations including, for example, eight individual grooves on the 
inlet side and two individual grooves on the outiet side, and twenty individual grooves on the inlet side and one individual 
groove on the outlet side. When the separator has a large area, the number of grooves on the inlet side can be set to 
be not less than twenty. In order to improve the drainage performance, for example, the groove portions of the fuel gas 

45 flow passages 40, 62. 82. i.e., the portions to make contact with the reformed gas may be allowed to have a water-repel- 
ling property. 

[0045] The fuel cell stack according to the present invention is provided with the first and second gas flow passages 
for supplying the fuel gas and the oxygen-containing gas to the first and second separators which hold the fuel ceil unit 
therebetween. The first gas flow passage and/or the second gas flow passage is set to have the number of gas flow 

50 passage grooves on the gas inlet side, which is larger than the number of gas flow passage grooves on the gas outiet 
side. Therefore, when the gas is consumed in tiie surface of the first separator and/or the second separator, the number 
of reactive molecules per unit area is prevented from being decreased by decreasing the number of gas flow passage 
grooves, making it possible to cause the reaction to be uniform on the electrode surface. Further, it Is possible to effec- 
tively increase the gas flow rate on the gas outiet side, and It Is possible to easily improve the drainage performance 

55 and the gas diffusion performance. 
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Claims 

1 . A fuel cell stack having a fuel cell unit (1 2) including an electrolyte (18) interposed between an anode electrode (20) 
and a cathode electrode (22), and first and second separators (14), (16) for holding said fuel cell unit (12) therebe- 

5 tween, and further comprising: 

at least one of said separators (14), (16) having a gas flow passage (40), (50) comprised of a number of gas 
flow passage grooves , the number of gas flow passage grooves decreasing from a gas inlet to the gas flow 
passage (40). (50) to a gas outlet from the gas flow passage (40). (50). 

10 

2. The fuel cell stack according to claim 1 . wherein the gas flow passage grooves are provided on a surface facing the 
electrode (20). (22). 

3. The fuel cell stack according to claim 1 or 2. wherein said number of gas flow passage grooves from said gas inlet 
75 and said number of gas flow passage grooves to said gas outlet are set to conform to a decreasing rate corre- 
sponding to gas utilization factors of the fuel ceil stack. 

4. A fuel cell stack as claimed in claim 1 . wherein: 

20 said first and second separators (14), (16) have first and second gas flow passages (40), (50) for supplying a 

fuel gas and an oxygen-containing gas to said anode electrode (20) and said cathode electrode (22) respec* 
tively: and 

at least one of said first gas flow passage (40) and said second gas flow passage (50) is set to have a number 
of gas flow passage grooves on a gas inlet side, which number is larger than a number of gas flow passage 
25 grooves on a gas outlet side, in one surface of said first separator (14) and said secorxJ separator (16). or both 

in said first and second separators (14), (16). 

5. A fuel cell stack as claimed in claim 4, wherein: 

30 each of said first and second gas flow passages (40), (50) is set to have a number of gas flow passage grooves 

on a gas inlet side, which number is larger than a number of gas flow passage grooves on a gas outlet side, in 
a surface of each of said first and second separators (14), (16); and 

at least one of said first gas flow passage (40) and said second gas flow passage (50) being formed such that 
said gas flow passage grooves on said gas inlet side are merged to said gas flow passage grooves on said gas 
35 outlet side. 

6. The fuel cell stack according to claim 4 or 5. wherein said number of gas flow passage grooves on said gas inlet 
side and said number of gas flow passage grooves on said gas outlet side are set to conform to a decreasing rate 
corresponding to gas utilization factors of said fuel gas and said oxygen*containing gas. 

40 

7. The fuel cell stack according to any preceding claim, wherein said gas flow passage grooves of said gas flow pas- 
sage (40), (50) is set such that said number of gas flow passage grooves is decreased substantially half by half in 
a stepwise manner from said gas inlet to said gas outlet side. 

45 8. ' The fuel cell stack according to claim 7, wherein 

when said number of gas flow passage grooves is an odd number, said number of gas fk)w passage grooves 
is decreased to a half of a number obtained by adding 1 to the odd number of gas flow passage grooves. 

50 9. The fuel cell stack according to any preceding daim. wherein said gas flow passage grooves on said gas inlet side 
are continuously merged to said gas flow passage grooves on said gas outlet side. 

1 0. The fuel cell stack according to claim 1 . wherein pairs of said gas flow passage grooves merge in a stepwise man- 
ner from said gas inlet to said gas outlet. 

55 

1 1 . The fuel cell stack according to any preceding claim, wherein said gas flow passage grooves are of a serpentine 
configuration. 
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12. The fuel celt stack according to any preceding claim, wherein each of said gas flow passage grooves is of substan- 
tially the same depth and width. 

1 3. The fuel cell stack according to any preceding claim, wherein said gas flow passages on said gas inlet side are dis- 
posed at the upper portion and said gas flow passages on said gas outlet side are disposed at the lower portion, 
and wherein said gas flow passages on said gas inlet side are of a serpentine configuration In the direction of grav- 
ity to said gas flow passages on said gas outlet side. 

14. The fuel cell stack according to any of claims 1 to 12. wherein said gas inlet is disposed at the upper portion of said 
separators (14). (16) and said gas outlet side is disposed at the lower portion of said separators (14), (16). and 
wherein said gas flow passage grooves extend horizontally from side-to-side of said separators (14). (16) and 
downwardly near each side for connecting said horizontal grooves. 
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F I G. 4 



TERMINAL 
VOLTAGE (V) 



EMBODIMENT 




CONVENTIONAL 2 ^ 
(7 GROOVES) 



CONVENTIONAL 1 
\(14 GROOVES) 



CURRENT DENSITY (A/cmO 



13 



